Background-Data on the results and clinical effect of an invasive risk stratification strategy in asymptomatic young patients with the Wolff-Parkinson-White electrocardiographic pattern are scarce. Methods and Results-Eighty-five consecutive patients aged <18 years with a Wolff-Parkinson-White pattern and persistent preexcitation at maximum exercise undergoing invasive risk stratification were retrospectively studied. Adverse accessory pathway (AP) properties were defined according to currently consented criteria as any of the following: shortest preexcited RR interval during atrial fibrillation/rapid atrial pacing ≤250 ms (or antegrade effective refractory period ≤250 ms if shortest preexcited RR interval was not available) or inducible atrioventricular re-entrant tachycardia. Age at evaluation was median 14.9 years. Eighty-two patients had a structurally normal heart and 3 had hypertrophic cardiomyopathy. A single manifest AP was present in 80, 1 manifest and 1 concealed AP in 4, and 2 manifest APs in 1 patient. Adverse AP properties were present in 32 of 85 patients (37.6%) at baseline and in additional 16 of 44 (36.4%) after isoproterenol. Ablation was performed in 41 of these 48 patients. Ablation was deferred in the remaining 7 for pathway proximity to the atrioventricular node. In addition, 18 of the low-risk patients were ablated based on patient/parental decision. Conclusions-Adverse AP properties at baseline were exhibited by 37.6% of the evaluated patients with an asymptomatic Wolff-Parkinson-White preexcitation persisting at peak exercise. Isoproterenol challenge yielded additional 36.4% of those tested at higher risk. Ablation was performed in a total of 69.4% of patients subjected to invasive risk stratification. (Circ Arrhythm Electrophysiol. 2014;7:218-223.)
A lthough infrequently, asymptomatic patients with a Wolff-Parkinson-White (WPW) electrocardiographic pattern experience sudden cardiac death because of life-threatening arrhythmias (typically atrial fibrillation with rapid antegrade conduction through an atrioventricular [AV] accessory pathway [AP], resulting in ventricular fibrillation). [1] [2] [3] The risk of such an event has been reported to be ≈0.1% per patient-year. 4 Attempts have been made to identify patients at high risk but specific guidelines for risk stratification in the asymptomatic young patients with WPW, including recommendation for the invasive electrophysiological (EP) evaluation and prophylactic catheter ablation of the AP, have not been published until recently. 5 The aim of the present study was to evaluate retrospectively the electrophysiological profile of asymptomatic children and adolescents with a WPW electrocardiographic pattern and to assess the results of an invasive risk stratification strategy applying currently consented risk criteria. 5 
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Methods Patients
The study population was identified retrospectively from the clinical databases of 2 tertiary care centers providing invasive pediatric EP evaluation and radiofrequency (RF) catheter ablation for the whole territory of the Czech Republic (10.5 million inhabitants). Between October 2000 and August 2011, 85 consecutive patients (51 boys, 34 girls) under the age of 18 years with an asymptomatic WPW pattern underwent an invasive EP study for risk stratification. The patients had no antiarrhythmic medication and showed persistent preexcitation up to the maximum achieved heart rate during exercise stress testing before the EP study. The median age at EP evaluation was 14.9 (first-third quartile [Q1-Q3]=12. 5-16.6) years. Owing to the purely retrospective study design, the use of available institutional clinical records, absence of effect on patient management and completely anonymous data presentation, informed consent of the subjects (or their parents), and ethical approval have not been obtained.
EP Procedures
Retrospective analysis of EP records was performed. The EP procedures were routinely performed under conscious sedation or general anesthesia in selected patients. All patients have been evaluated for risk parameters of the AP at baseline. Adverse AP properties were defined according to a recent Consensus Statement document ( Figure 1 ) 5 as the presence of shortest preexcited RR interval (SPERRI) during atrial fibrillation/rapid atrial pacing ≤250 ms or inducible AV re-entrant tachycardia. If SPERRI measurement was not available (21 of 85 patients), antegrade effective refractory period of the AP (AP ERP) ≤250 ms was used as a substitute. Furthermore, in the absence of risk parameters at baseline, isoproterenol (repetitive doses of 0.1 μg/kg IV or continuous infusion) was given to achieve an increase in the baseline heart rate of ≥50% to overcome the effect of anesthesia/conscious sedation on autonomic tone and to reproduce the effects of adrenergic stimulation. 6, 7 Isoproterenol challenge was not performed in 9 patients without adverse AP properties at baseline. These patients were excluded when comparing the antegrade AP conduction parameters at baseline and after isoproterenol.
Follow-Up
Follow-up was routinely performed at 1 month and 1 year after the procedure. Median follow-up time was 13.5 (Q1-Q3=8.3-16.0) months after the invasive EP study.
Statistical Analysis
In the presence of non-Gaussian distribution, continuous data were displayed as median and first-third quartile. Mann-Whitney ranksum test was used for comparison of continuous variables between 2 groups and Kruskall-Wallis 1-way ANOVA on ranks for comparison of 3 groups. The Wilcoxon signed-rank test was used to assess the effect of isoproterenol challenge on AP properties in individual patients. Differences in proportions between 3 groups were tested by the χ 2 test followed by the Fisher exact test for pair-wise comparisons. All statistical analysis was performed using the SigmaPlot for Windows version 11.0 (Systat Software Inc, San Jose, CA) and SAS version 9.2 (SAS Institute Inc, Cary, NC).
Results
Patients
Structurally normal heart was present in 82 of 85 and hypertrophic cardiomyopathy in 3 of 85 patients. A single manifest AP was found in 80 patients, 2 manifest APs in 1 patient, and the combination of 1 manifest AP and 1 concealed AP in 4 patients. Additional diagnoses were AV nodal re-entrant tachycardia in Figure 1 . Management algorithm for the asymptomatic young patient with a WPW electrocardiographic pattern. Reproduced with permission from Cohen et al. 5 Authorization for this adaptation has been obtained both from the owner of the copyright in the original work and from the owner of copyright in the translation or adaptation (2012, Elsevier Limited).
2 patients (slow pathway RF ablation was performed in 1) and focal atrial tachycardia in 1 patient (not ablated). The proportion of asymptomatic patients (ie, those involved in the study) in a group of all patients with WPW (including those with symptoms) undergoing an invasive EP evaluation was increasing during the study period ( Figure 2 ).
APs Properties
Adverse AP properties were present in 32 of 85 patients (37.6%) at baseline (Table 1) . Among those patients with both AP ERP and SPERRI measurements (n=63), AP ERP and SPERRI assigned 7.9% and 22.2% of the patients to the risk group, respectively (P=0.007). AP ERP ≤250 ms along with SPERRI >250 ms was seen in 1 patient only. Thus SPERRI was significantly more sensitive for detecting adverse AP conduction properties than AP ERP. In 1 patient, measurement of AP properties could not be performed because of the lack of both antegrade and retrograde conduction through the AP during the EP study.
A group of 44 of 53 patients without adverse AP properties at baseline was subsequently subjected to isoproterenol challenge shifting 16 of these 44 patients tested (36.4%) into the higher risk category if using the cut off of ≤250 ms and 9 of 44 (20.5%) patients at the cut off of ≤220 ms (Table 1) . Isoproterenol significantly increased the antegrade conduction capacity of the pathway ( Table 2) .
From the total of 86 manifest APs, 10 of 86 (11.6%) were located at the right free wall, 51 of 86 (59.3%) were septal, and the remaining 25 of 86 (29.1%) were left-sided (P<0.001). There were no significant differences in antegrade conduction parameters and in the proportion of APs with adverse conduction parameters between the 3 localizations (Table 3) .
Intermittent preexcitation was present in 7 of 85 patients during the preprocedural Holter monitoring. Antegrade AP conduction properties were not different from the remaining patients (Table 4 ). AV re-entrant tachycardia was inducible in 2 of these 7 patients.
RF Ablation
RF ablation was performed in 41 of 48 patients (85.4%) assigned to the high-risk group (29 of 32 patients at baseline and 12 of 16 patients during isoproterenol challenge). In addition, 18 of 37 (48.6%) of the remaining patients carrying either low risk or not subjected to isoproterenol were ablated based on patient/parental decision. In total, ablation was performed in 59 of 85 patients (69.4%) and was deferred in 7 of 48 patients with adverse AP properties because of the AP proximity to the AV node. From these 7 patients, 6 remained asymptomatic over a mean follow-up of 13 months and the remaining 1 underwent catheter ablation of the AP in a repeated procedure later. Acute/long-term ablation success was 92.3 and 85.7%, respectively.
There were no complications related to the EP study or RF ablation. There were no significant differences between both large centers participating in the study in any of the parameters evaluated.
Discussion
As shown in several studies, sudden cardiac death may be the first manifestation of the disease in patients with asymptomatic WPW preexcitation. 1, 2, 4 Infants and small children are probably at lower risk. 7 In a group of 184 asymptomatic children with a median age of 10 (range, 8-12) years, short AP ERP and multiple APs were independent predictors of life-threatening arrhythmic event. 8 Although noninvasive diagnostic methods such as 24-hour Holter monitoring and exercise stress testing are useful for basic assessment of the preexcitation, invasive testing should be considered to define electrophysiological properties of the AP in case of antegrade AP conduction persistence through maximum exercise. 5, [9] [10] [11] [12] Persistent preexcitation during exercise has high ‡SPERRI during atrial fibrillation/rapid atrial pacing ≤220 ms or AP ERP ≤220 ms in the absence of SPERRI measurement. sensitivity and high negative predictive value for detection of patients at risk. 13 However, patients with clear and abrupt loss of preexcitation during exercise testing are at low risk of sudden cardiac death. 10 Recently published recommendations qualify ablation of an asymptomatic pathway as a class IIA or IIB indication according to the presence of defined risk parameters. 5 In the present study, 69.4% of patients subjected to risk stratification underwent pathway ablation as a result of either the evaluated pathway properties or patient/parental decision. At baseline (without isoproterenol challenge), 21.2% of patients fulfilled the class IIA indication for catheter ablation 5 based on high antegrade AP conduction capacity, and additional 16.4% of patients had a IIB indication because of tachycardia inducibility. 5 The risk stratification approach is thus likely to change the natural course of asymptomatic WPW preexcitation with all potential positives and negatives. Pappone et al 14 could show a significant risk reduction of arrhythmic events in a randomized study of prophylactic ablation in asymptomatic patients ≤35 years of age with the WPW electrocardiographic pattern. However, catheter ablation is associated with a low but definite risk of complications. 15 This all has to be kept in mind when counseling the families.
Patients with intermittent preexcitation on ECG/24hour Holter monitoring are thought to be at lower risk for life-threatening arrhythmias. 16, 17 Intermittent preexcitation is presumed to be a predictor of decreased antegrade AP conduction capacity 18 ; however, antegrade AP conduction may be present up to maximum exercise. Rare cases of patients with intermittent preexcitation and cardiac arrest have been reported. 19 Moreover, patients with intermittent preexcitation are still at risk for AV re-entrant tachycardia with retrograde activation of the atria via AP. 20 In our group, AV re-entrant tachycardia was inducible in 2 of 7 patients with intermittent preexcitation. None of these 7 patients exhibited rapid antegrade AP conduction. The difference in manifest AP antegrade conduction properties between patients with persistent and intermittent preexcitation was, however, not statistically significant. For these reasons, we consider reasonable to perform exercise stress testing in patients with intermittent preexcitation as an indicator for further electrophysiological study in case the patient/family favors the class IIB indication for catheter ablation as part of the treatment strategy.
Szabo et al 21 showed that isoproterenol administration significantly shortened the SPERRI and increased the proportion of the asymptomatic adult patients with SPERRI ≤250 ms from 33% to 67%. Moore et al 22 demonstrated shortening of AP ERP and SPERRI after isoproterenol administration in children, with no significant difference between symptomatic and asymptomatic individuals. However, follow-up data for risk evaluation is lacking, and the role of isoproterenol challenge has not yet been clearly defined. 23 In several previous reports, SPERRI ≤220 ms on isoproterenol was suggested to define high-risk patients. 24 Because of the absence of consented criteria to define a potentially dangerous AP on isoproterenol, we used SPERRI or AP ERP cut off of both ≤250 ms and ≤220 ms to show the potential of isoproterenol to increase the yield of invasive testing. In general, isoproterenol lead to an increase of the number of individuals exhibiting adverse AP parameters regardless of the cut off used, presumably at the expense of a lower specificity. Because conscious sedation/general anesthesia is used in children, the use of isoproterenol may evoke a real-life situation of adrenergic stimulation and should be, in our opinion, a routine to better characterize the range of antegrade conduction capacity of the AP. In our study isoproterenol challenge converted 36.4% of patients without adverse AP properties at baseline into the higher risk group, a finding in accordance with the data by Szabo et al. 21 In this study, the difference in manifest AP antegrade conduction properties between the right free wall, septal, and left free wall APs was not significant. Compared with pediatric reports on the prevalence of specific pathway locations in children undergoing an invasive electrophysiological study, 25, 26 there was a surprisingly high proportion of septal APs (59.3%) among our patients referred to risk stratification. Rapid AV nodal conduction during adrenergic stimulation may mask persistent preexcitation through a left-sided AP, 27 leading to a generally lower proportion of asymptomatic WPW patients with left-sided manifest APs referred to the EP study on the basis of exercise stress testing. Whether right-sided APs generally have a lower antegrade conduction capacity as a reason for underrepresentation in our cohort is not known.
Study Limitations
Retrospective character of the study and some variation in patient management during the procedure (conscious sedation versus general anesthesia, reflecting patient age at evaluation and center preference) were the main limitations of the study. In contrast to the recently published consensus statement, 5 AP ERP ≤250 ms was used to define rapid antegrade AP conduction in case of the absence of SPERRI measurement. Given the fact that SPERRI was significantly more sensitive in detecting high AP conduction capacity than AP ERP, some patients fulfilling the risk criteria might thus have been missed. The technique of isoproterenol administration varied between the 2 centers providing invasive EP studies (intravenous bolus versus continuous infusion). Isoproterenol challenge was not performed in 9 patients without adverse AP properties at baseline (all these patients were ablated based on patient/parental decision).
Conclusions
Applying retrospectively a currently consented risk stratification strategy, 5 37.6% of the evaluated asymptomatic patients with the WPW electrocardiographic pattern persisting at peak exercise exhibited adverse AP properties at baseline, fulfilling either the class IIA or IIB ablation indication. Isoproterenol challenge shifted additional 36.4% of those tested into 1 of these 2 indication classes. Safe ablation (remote from the AV node) could be performed in 85.4% of patients stratified to higher risk either at baseline or after isoproterenol. In addition, elective AP ablation was performed in 1 of 2 of the low-risk patients based on patient/parental decision, yielding a total of 69.4% of patients ablated as a result of the invasive risk stratification strategy.
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